Background: In New Zealand, trastuzumab is standard therapy for human epidermal growth factor receptor-2 (HER2)-positive early and metastatic breast cancer. Given the requirement for ongoing adjuvant or maintenance treatment and intravenous (IV) delivery, such a regimen consumes considerable health care resources. The development of a subcutaneous (SC) trastuzumab formulation with a short administration time offers the potential to reduce hospital expenditure. The aim of this study was to determine medical resource utilization associated with administration of trastuzumab SC injection via handheld syringe vs trastuzumab IV infusion in patients with HER2-positive breast cancer in New Zealand. Methods: This noninterventional, descriptive study was conducted at the outpatient oncology centers at Auckland City and Tauranga Hospitals. Trained observers recorded times associated with health care professional (HCP) tasks and consumables use associated with preparation and administration of trastuzumab IV or SC in women with early or metastatic breast cancer. The cost for each formulation was calculated as the mean cost of HCP time (based on Pharmaceutical Management Agency hourly rates) plus the mean cost of consumables used. Results: Use of trastuzumab SC vs IV reduced mean chair time by 36.95 minutes and total nurse time by 6.12 minutes; there was a 20.45-minute reduction in pharmacist time when the SC formulation was used. After adding consumable costs, the overall estimated saving with trastuzumab SC vs IV was $76.94 (New Zealand dollars) per patient per cycle. Conclusions: Compared with trastuzumab IV infusion, administration of trastuzumab via SC injection reduced time spent in the clinic and decreased HCP resources and consumables needed to administer treatment. These reductions could contribute to a decrease in health care costs and an improvement in the efficiency of HER2-positive breast cancer treatment delivery.
Background
Breast cancer is the second most common cancer in New Zealand and the third leading cause of cancer death. 1 In 2011, the most-recent full year for which statistics are available, 2,867 new cases of breast cancer and 636 deaths were reported. 2 Approximately 18% of breast cancers in New Zealand are human epidermal growth factor receptor-2 (HER2)-positive. 3 Trastuzumab is standard treatment for HER2-positive early breast cancer (eBC) and metastatic breast cancer (mBC), being administered as an intravenous (IV) infusion, in part with chemotherapy, as an every-3-weeks regimen for 12 months in eBC (17 cycles), or until disease progression in mBC. Trastuzumab IV needs to be reconstituted into solution for infusion, with the dose calculated on the basis of patient bodyweight. 4 IV trastuzumab treatment starts with a loading dose infused 
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north et al over 90 minutes, followed by subsequent maintenance doses infused over 30 minutes. 4 Given the requirement for up to 12 months of adjuvant or maintenance treatment, such a regimen consumes considerable health care resources, including drug preparation and administration, clinic and chair time, and physician time dedicated to patient interaction. 5 Furthermore, insertion of an indwelling venous catheter is common in patients requiring prolonged IV infusion therapy, adding the costs of theatre and anesthetist time; complications such as infection or thrombosis 6, 7 may also be associated with additional costs in some cases.
A subcutaneous (SC) formulation of trastuzumab was developed to allow drug administration over a shorter time period, with the goal of improving convenience and compliance, particularly during long-term therapy. The ability to do this was facilitated by the fact that trastuzumab has a wide therapeutic window 8 with no known dose-limiting toxicities. 9 SC administration of volumes .1 mL has been limited by the structure and physiology of the SC layer, which contains a matrix of hyaluronan and collagen fibers. 8 To overcome this issue, the trastuzumab SC formulation includes recombinant human hyaluronidase as a novel excipient. 10 Hyaluronidase hydrolyses hyaluronan, decreases resistance of the interstitial matrix 11, 12 and degrades the extracellular matrix. This allows monoclonal antibodies to diffuse through the channels, 12 thereby facilitating SC administration of larger volumes of fluid and improving delivery of SC drugs to the systemic circulation. The effects of recombinant human hyaluronidase are temporary and reversible within 24 hours. 12 Trastuzumab SC can be administered over approximately 5 minutes, a much shorter period of time than that required for the trastuzumab IV loading and maintenance doses. 4, 10 In addition, trastuzumab SC is given as a fixed dose that does not require adjustment based on bodyweight. 10 Pharmacokinetic modeling, based on data from an openlabel Phase I/IB study, 13 determined that a 600 mg fixed dose of trastuzumab SC provided drug exposure that was comparable to the IV trastuzumab regimen, without the need for a loading dose. This dose of trastuzumab SC was subsequently tested in the Phase III HannaH study, which showed that trastuzumab SC was noninferior to trastuzumab IV with respect to efficacy (pathological complete response rate) and had an equivalent tolerability profile. 14 One of the key principles guiding the New Zealand Ministry of Health Medical Oncology National Implementation Plan 15 is to "effectively, equitably, and sustainably meet the future demand for medical oncology services, given the significant workforce and resource constraints that exist". A second aim is to "maintain high quality of care and improve the quality of life for people with cancer". The possibility of delivering trastuzumab over a shorter duration closely aligns with these principles. It also offers the potential to move treatment delivery to the outpatient setting and away from infusion services that are facing challenges due to increased demand for complex treatments. 15 The aim of this study was to determine medical resource utilization associated with administration of trastuzumab SC injection compared with trastuzumab IV infusion in patients with HER2-positive breast cancer in New Zealand.
Methods

study design
This noninterventional, descriptive study was conducted alongside the ongoing SafeHer clinical trial (NCT01566721), a study investigating the safety and tolerability of trastuzumab SC via handheld syringe or single-injection device. The time and motion study was conducted at the outpatient oncology centers at Auckland City Hospital (trastuzumab IV) and Tauranga Hospital (trastuzumab SC and IV). At the start of the clinic visit they were given information about the time and motion study by the HCP who would be administering trastuzumab. Under the same protocol as the SC group, patient consent to allow an observer to be present during their clinic visit was sought prior to trastuzumab administration.
This study was an audit that does not involve the use, collection, or storage of human tissue, and therefore the Health and Disability Ethics Committees advised that the study did not require their review. 
Data collection
Active HCP time captured during the time and motion study related to tasks associated with administration of trastuzumab SC or IV, as detailed below.
New Zealand-specific standardized Treatment Observation Forms were created, based on those used in a time and motion study conducted in the United Kingdom. 16 Times for entering the bed/chair, starting trastuzumab treatment, stopping trastuzumab treatment, and exiting the bed/chair were recorded in the Treatment Observation Form in hours and minutes (hh:mm) by a single trained observer. A stopwatch was used by the same observer to record times for active involvement in specific trastuzumab treatment-related tasks as follows: install venous catheter/line flushing; prepare and administer premedication (if required); prepare for trastuzumab administration in the care unit; initiate trastuzumab therapy; monitor patient during treatment; disconnect infusion/flush infusion line/dispose of materials (IV only); monitor patient after treatment.
Other variables recorded on the same Treatment Observation Form were type of IV access (IV only), the occurrence of any unexpected events that disrupted typical patient flow, use and type of premedication, and consumables used for each task (including the exact product and the number of units used).
Drug preparation time was also documented by an observer using a stopwatch. Trastuzumab for SC injection via handheld syringe was prepared by nurses in the clinic. Trastuzumab solution for IV infusion was prepared in the hospital pharmacy, where the total time was calculated as the time from taking the prescription to leaving the prepared solution for collection. Specific timed tasks for trastuzumab IV preparation were: prepare and label; add trastuzumab and mix with diluent; stand vial and check for impurities; calculate and check dose; add to infusion and mix; finalize for release. Consumables used during the preparation and delivery of both formulations were noted on the Treatment Observation Form.
Costs for indwelling venous lines (eg, Portacath, Hickman, and Groshong) were not included in cost calculations because patients who required or had these access devices in place had had them inserted for previous chemotherapy.
Unit costs for HCP and personnel time were derived from Pharmaceutical Management Agency (PHARMAC) published costs, and were $45 NZD (New Zealand dollars) per hour for a registered nurse, $50 NZD per hour for a hospital pharmacist, and $65 NZD per hour outpatient bed per chair cost. 17 
Cost model
A simple cost-minimization model was developed to estimate cost savings associated with delivery of trastuzumab SC compared with trastuzumab IV in the outpatient setting. All outpatient consumables and times directly related to both routes of administration were quantified from the standardized Treatment Observation Forms. Average estimates for delivery of trastuzumab IV and trastuzumab SC were calculated for all hospital and pharmacy data. These data were used to estimate resource inputs, which were then applied to the PHARMAC unit cost data for hourly rates and to consumable costs to allow determination of the estimated difference in costs between the two treatment groups. Only one trastuzumab IV formulation is available in New Zealand (Herceptin ® , Roche Products Ltd, Auckland, New Zealand). It was assumed that drug acquisition costs for trastuzumab IV and trastuzumab SC would generally be equivalent, and therefore these were not included in the analysis.
Results
A total of six patients receiving trastuzumab SC as part of the ongoing SafeHer clinical trial, and 12 patients receiving routine clinical treatment with trastuzumab IV (six each in Tauranga and Auckland) consented to allow an observer to record data for the time and motion study during their treatment visit and were included in the final analysis.
Administration of trastuzumab SC reduced nursing time by an average of 43% and chair time by an average of 75% compared with trastuzumab IV (Table 1) . Although the two trastuzumab formulations were prepared in different settings (IV by the pharmacy and SC by the clinic nurse), the HCP time dedicated to drug preparation was also substantially lower for trastuzumab SC (Table 1) .
Usage of consumables was low in both the trastuzumab SC and IV groups, but some savings were associated with the use of trastuzumab SC (Table 2) .
Overall time to prepare and deliver trastuzumab therapy was markedly lower for the SC vs IV formulation (Table 1) . Average HCP nurse time, chair cost, and pharmacist time savings associated with the use of trastuzumab SC injection compared with trastuzumab IV infusion were estimated to be $61.67 NZD per administration (Table 1) , and consumables cost savings were estimated as $15.27 NZD per administration, with the largest single item being the cost of the delivery line (note that costs for indwelling venous lines were not included) ( 
Discussion
The results of this descriptive time and motion study suggest that switching to trastuzumab SC injection from trastuzumab IV infusion in a New Zealand oncology outpatient treatment setting decreases trastuzumab treatmentrelated tasks in the care unit, drug preparation time, chair time, and the volume and cost of consumables. Although differences between health care systems limit the generalizability of results, these New Zealand data are similar to those obtained in Europe 18 
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administration time and cost for subcutaneous vs intravenous trastuzumab requirement in patients treated with trastuzumab SC compared with trastuzumab IV. The European and UK data were obtained in patients being treated with the two different trastuzumab formulations as part of the PrefHer trial, 19 a global, randomized, crossover preference study conducted in patients with eBC. In Europe, using estimates of the typical number of eBC patients being treated in the participating centers, total estimated savings in chair time associated with switching to trastuzumab SC ranged from 44-90 8-hour days annually. In addition, there was an associated 21%-52% reduction in the time HCPs spent actively involved in administering treatment. 18 Patients treated with trastuzumab SC in the United Kingdom also spent considerably less time in the care unit (30.3 minutes vs 94.5 minutes) and infusion chair (19.8 minutes vs 75.0 minutes) than did those receiving trastuzumab IV. 16 In addition, mean HCP time was markedly lower when the SC formulation was used (24.6 minutes vs 92.6 minutes for IV administration), and consumable costs were lower (£2.94 vs £8.81, respectively). 16 It should be noted that the latter study included total infusion duration in HCP time, as opposed to the European study, which considered only active patient monitoring during infusion. On the basis of the results of the UK study, it was concluded that switching from trastuzumab IV to the SC formulation could substantially reduce overall treatment costs. 16 These findings are similar to those documented after a switch from IV to SC rituximab in non-Hodgkin lymphoma patients in the United Kingdom, which was also associated with reduced active HCP and chair time and lower costs. 20 In a separate trastuzumab analysis, HCPs from a subset of PrefHer centers were asked to rate a variety of factors on their ability to impact cancer center efficiency and time required for trastuzumab administration. 21 The biggest perceived impact of switching to trastuzumab SC, according to care unit respondents, was a reduced waiting list for any IV treatment at the infusion unit, followed by the potential for a more-flexible treatment schedule and the ability to treat more patients in the infusion unit. 19 Respondents perceived that a reduction in dosing errors, reduced drug wastage, and increased staff availability for other tasks would be the main impacts of switching from trastuzumab IV to SC. 15 Factors such as reduced waiting times and the flexibility to deliver treatment outside the infusion clinic offer the possibility of developing new patient care pathways defining when, where, how, and by whom trastuzumab therapy is administered. A switch to trastuzumab SC fits well with the new medical oncology model of care described by the New Zealand Ministry of Health, which includes identification of patient care pathway tasks and functions that can be performed by staff other than senior medical officers. 15 In this study, trastuzumab SC was prepared by a registered nurse prior to administration to the patient. This was considered to be the most likely way that trastuzumab SC would be prepared outside of a clinical trial situation or on a ward. Should trastuzumab SC become available for general use within an oncology outpatient setting, preparation of the treatment dose may take place in the pharmacy or in the outpatient clinic depending on the preference or protocol of the individual hospitals. However, regardless of which HCP prepares trastuzumab SC prior to administration, it is reasonable to assume that the time savings achieved would be similar to those observed during this study.
Although New Zealand time and motion data from the current study were consistent with those obtained in other trials, it should be noted that these preliminary assessments of the impact of switching from trastuzumab IV to the SC formulation are likely to underestimate the potential time and cost savings. There are a number of reasons for this.
Firstly, the costs of indwelling IV catheter insertion and maintenance, and of managing complications, were not included in the analysis. Vascular access devices are one of the most common causes of health care-associated infections, including sepsis. 22 The rate of sepsis after implantation of a venous access system for chemotherapy in a New Zealand population was 11%. 7 Catheter-related sepsis indirectly affects outcomes of chemotherapy by compromising dose intensity, 23 is associated with significant morbidity and increased health care costs, [24] [25] [26] [27] and is fatal in approximately 15% of patients. 22 As a result, cost savings associated with switching to trastuzumab SC could be greater than those reported here. Using our estimate based on costs associated with HCP time and consumables only, multiplying the cost saving per cycle by the total number of treatment cycles given (6, 752) to all the patients with eBC and mBC treated with trastuzumab in New Zealand in 2012 (the most-recent set of complete PHARMAC special authority data; n=460), annual cost savings to the New Zealand Health Care System associated with a switch from trastuzumab IV infusion to trastuzumab SC injection could be more than half a million dollars ($519,499 NZD).
The calculations made based on the results of the current study assume that the total cost of trastuzumab therapy submit your manuscript | www.dovepress.com
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north et al to the New Zealand healthcare system would be equivalent whether the SC or IV formulation was used. These calculations could be influenced by the introduction of a biosimilar IV trastuzumab, but this is not expected to occur in New Zealand until at least the first half of 2019 (on the basis of clinical trial data timelines on clinicaltrials.gov and estimated regulatory review processes). On a patient-by-patient basis, the cost of trastuzumab therapy may vary, given that the dosage for trastuzumab IV is calculated based on patient bodyweight and trastuzumab SC is given as a single fixed dose. Nevertheless, on a population basis, overall drug costs are likely to be similar, although exact figures for the New Zealand setting remain to be determined, on the basis of negotiations around access and funding.
Another reason why the current data may underestimate the resource-use impact of switching from trastuzumab IV to the SC formulation is that only in-hospital direct medical costs were considered. This means that costs incurred by the patient either directly (eg, transport, parking) or indirectly (eg, time and loss of productivity for both patients and their caregivers) have not been quantified.
Patient preference, well-being, and quality of life were also not assessed in this study, but the PrefHer trial found that patients overwhelmingly preferred trastuzumab SC over the IV formulation. 19 By far the most common reason cited by patients for this preference was that receiving trastuzumab as a SC injection saved time. Other reasons for preferring trastuzumab SC were less pain or discomfort and fewer side effects, the avoidance of problems associated with IV treatment (ie, venous access), and convenience. 19 These findings suggest that switching to trastuzumab SC not only offers financial and logistical advantages to the health care system but is also perceived as a more-attractive treatment option by patients.
This study had a number of limitations, including the small sample size (particularly in the trastuzumab SC treatment group) and the administration of trastuzumab SC in only one of the two study centers. However, trastuzumab SC is not yet funded in New Zealand and is therefore not administered in routine clinical practice. As a result, the only available data on administration of trastuzumab SC was from consenting patients who were receiving trastuzumab SC at the single New Zealand center participating in the ongoing SafeHer trial. For both the SC and IV groups, it was not possible to report patient demographic data because the patient consent obtained applied only to observation and recording of tasks and times associated with trastuzumab administration and not access to patient medical files. For the IV group, it is likely that the patients treated were a relatively heterogeneous group because no selection was undertaken and any patient receiving trastuzumab was eligible (eg, eBC or mBC). Patients in the SC group had only eBC and therefore it is possible that disease severity was a confounding factor because patients who were more unwell might have needed more HCP involvement. Despite these issues, the range of values obtained was relatively narrow, and expected time savings were comparable to those from international studies with broadly similar study design and objectives. It is possible that the results of this study cannot be generalized to centers other than the two that participated in this study. However, there are only six regional oncology centers in New Zealand, and 40% of New Zealand's cancer patients are treated at Auckland City Hospital, which contributed patients to this study. It should also be noted that in New Zealand there is no regional variation in drug costs because these are mandated nationally by PHARMAC, and unit costs for HCP and personnel time were derived from PHARMAC-specified national values. 17 Therefore, it is likely that the findings will be relevant across the New Zealand health care setting.
The new SC formulation of trastuzumab represents a clinical opportunity to improve the efficiency of HER2-positive breast cancer treatment delivery by providing time and cost savings and the potential to modify pathways of patient care. This contributes to New Zealand Ministry of Health goals for increasing oncology treatment capacity and allowing treatment to be administered away from regional oncology centers. 15 It should be noted that the time and equipment savings associated with a switch to trastuzumab SC are not a true financial saving but instead represent the value of the best available alternative use of a resource ("opportunity cost"). Fewer health care staff and infusion chairs would be needed to treat the same number of patients with trastuzumab SC, and this resource is then available to be redeployed in the treatment of other patients. Thus, at least in the short term, the main result of switching from trastuzumab IV to trastuzumab SC would be to ease pressure at capacity-constrained treatment centers.
Conclusion
Data from this New Zealand time and motion study provide an indication that switching from IV to SC administration of trastuzumab has beneficial effects on resource use, including HCP time and consumables needed to administer treatment. These reductions contribute to health care cost efficiencies, could help to address current capacity issues at New Zealand District Health Boards, and have the potential to influence how and where HER2-positive breast cancer treatment is delivered in the future.
